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We show that the ubiquitous formula for ponderomotive forces due to a distribution of a polarized sub-
stance implies a non-vanishing self-force. This constitutes a striking paradox since this prediction is in
startling contrast with observed phenomena. A recorded lecture on the paradox can be found on the
authors’ website.
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commons.org/licenses/by-nc-nd/4.0/).Consider a distribution of electric charges q zð Þ within a ﬁnite
domain x surrounded by electrically neutral space. Then the elec-
trostatic potential ﬁeld u is given by the system:
Du ¼ 4pq zð Þ within x; and 0 otherwise ð1Þ
u½  ¼ @u=@n½  ¼ uz!1 ¼ 0 ð2Þ
where ½  denotes the jump in the enclosed quantity across the
boundary of x. The ponderomotive force per unit volume is given
by f ¼ qru and the resulting self-force F upon the domain x is
given by the integral F ¼ Rx fdx. Since F is also given by the
repeated integral F ¼ RRxq zð Þq zð Þ z zð Þ= z zj j3dx, one can
prove that F ¼ 0 by showing that F ¼ F after a double change of
variables z$ z. Naturally, any conclusion other than that of a van-
ishing self-force would contradict the everyday experience of
charged bodies never spontaneously moving without external elec-
trical inﬂuences.
Let us now consider a related problem in which the electric
charge distribution q zð Þ is replaced with the electric dipole dis-
tribution p zð Þ. The induced electrostatic potential u is governed
by the system:
Du ¼ 4pr  p within x; and 0 otherwise ð3Þ
u½  ¼ @u=@n½   4p p½   n ¼ uz!1 ¼ 0 ð4ÞThe proper modeling of the resulting ponderomotive forces
constitutes an important, challenging, and still-controversial open
problem. A commonly accepted expression for the ponderomotive
force per unit area is given by the Kelvin formula [1, p. 360] and [2,
p. 388]:
f ¼  p  rð Þru ð5Þ
and the resulting net force, once again denoted by F, upon the
domain x is given by
F ¼
Z
x
fdx ¼ 
Z
x
p  rð Þrudx ð6Þ
We report that, unlike the force associated with a distribution of
electrical charges, the self-force F given in Eq. (6) does not vanish
in general. There are a few fascinating exceptions for which F does
vanish, including spherically symmetric dipole distributions and
constant distributions in elliptical domains. The conclusion of a
nonvanishing self-force contradicts the everyday experience to
such a dramatic extent – after all, no one has ever observed a polar-
ized body spontaneously accelerate without external electrical
inﬂuences – that we feel that no speciﬁc targeted experiment is
necessary in order to question the limitations, and perhaps even
the validity, of the Kelvin formula. Thus, the nonvanishing self-
force presents a paradox that requires the attention of the experi-
mental and theoretical communities.
The nonvanishing self-force can be demonstrated in a number
of ways. The way that is most appropriate for this microarticle
and one that any reader can easily reproduce, is to consider a
one dimensional case or, equivalently, a three dimensional case
with periodic boundary conditions in the x and y directions.
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occupying the domain 0; L½   0;W½   0;H½ , subject to the govern-
ing system above, periodic boundary conditions along the vertical
faces and the polarization ﬁeld p ¼ 0;0; p3 zð Þð Þ. Then the z-compo-
nent F3 of the self-force F is given by
F3 ¼ 2pLW p23 0ð Þ  p23 Hð Þ
 
; ð7Þ
which vanishes only if p3 0ð Þ ¼ p3 Hð Þ.
In conclusion, it is important to come up with a ponderomotive
force theory that is free of the described contradiction. One of the
promising avenues for exploration is rooted in the thermodynamicframework [2–4] in which the vanishing of self-forces is relied
upon as one of the intrinsic governing principles.
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